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iS^l) Tkile: SIGNALLING METT^OD AND A DIGITAL RADIO SYSTEM 
(57) Abstract 



The invention reiates to a 

method and a system in a digital 

radio system for signalling 

bfitv/ijcrr. a base station (100) and 

a subscriber terminal (102-106). 

Tiie signals transmitted over 

the radio connection between 

the base station (100) and the 

subscriber termina] (103-112) 

comprise bursts consisting of 

symbols. The bursts comprise a 

known training sequence (204). 

According to the invention, the 

train inr; sequence (204) is used 
j for .signalling. By the invention, 102 
i n is possible to implement 
i signalling related lo power 
' ccnrrni of the base station 
i (iC<;} or the suf">scrit>er terminal 
\ M 02'! 06a or in packet transfer, 
\ Wvt nuPAbcring oi bursts, packets 
i cr cthci data blocks. 
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Signalling method and a digital radio system 



FIELD OF THE INVENTION 

The present invention relates to a method in a digitaS radio system 
5 for signalling between a base station and a subscriber terminal, in which the 
signals transmitted over the radio connection between the base station and 
the subscriber tenninal comprise bursts consisting of symbols, said bursts 
comprising a known training sequence. 

PRIOR ART 

10 In a radio system, two kinds of signallings are employed: signallinc; 

that is related to a specific call, and signalling that takes place independent of 
the call. 

Call-related signalling takes place at the same time as the user's 
data flow is being transferred. Prior art in such a case knows two options for 

15 the transmission path: SACCH and FACCH. SACCH is a ipw-rate, sepa ate 
channel associated with each traffic channel. Due to its low rate, it may oniv 
be used for non-urgent signalling, e.g. for transmitting measurement results 
concerning the radio path. FACCH is signalling within the traffic channel. Due 
to its high rate, it may be employed for a more time-critical signalling, e.g. for 

20 authenticating a subscriber, or for signalling associated with a handover. A 
major drawback is that when occurring during a call, the FACCH has priority 
over the user's data flow, whereby user information will be lost, which resulte 
in a similar outcome as errors in the transmission. 

Call-independent signalling takes place when there is need to set 

25 up a connection betv^/een a base station and a subscriber terminal only for 
signalling purposes e.g. for conveying short messages. In prior art solutions, 
traffic channels may be used for this, either at half or full rate. However, this 
means that resources are wasted, as the channels are in such a case normaHy 
used for transmitting but a few messages and only for a very short time. As e 

30 consequence, SDCCH has been developed, having the rate as low as one 
eighth of that of a norma! traffic channel. This channel may be used also for 
e.g. a slow data trarssmission service, but that leads to the problem met in the 
^ACCH signalling: user data flow may be lost due to signalling having a 
priority over it. 
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The following discusses transferring a transmitting power cont-oi 
comnriand from a base station to a subscriber terminal. The simplest way of 
implementation is to define a power control bit. Depending on the value ot the 
bit, the transmitting power is either reduced or increased. Additionally are 
5 needed several error correction bits, which are used to ensure that also during 
a bad radio connection the correct command can be conveyed. This is cr lost 
important, because during a bad radio connection one way of remedy lu to 
, increase the transmitting power. In practice, if this is carried out by G.g. 
FACCH signalling, at least three bits per burst are needed for the transmission 
10 of the transmitting power control command and the associated error correction 
bits. This results in a traffic requirement of at least 650 bit/s, which is off the 
capacity that would be needed on the traffic channel for transferring the user s 
data flow. 

A training sequence refers to a group of predetermined symbr;!^; 

15 known by the receiver. By comparing the received training sequence by 
means of specific methods to the known training sequence, the receiver is 
able to deduct what kind of distortions, caused by a non-ideal radio conneciion 
between the base station and the subscriber temiinal, are present in the 
received signal, and by utilizing this infomriation the receiver may more e&sily 

20 demodulate the received signal. 

The severest drawbacks of the prior art thus have to do v/;th the low 
rate of signalling and disturbance it causes to the transfer of user data flew, o: 
the obstacles it creates to developing new services in the future. 

CHARACTERISTICS OF THE INVENTION 
25 It is consequently the object of the present invention to Implerneni' a 

signalling method by means of which the aforementioned; drawbaci<s rr.siy 
avoided. 

This is achieved with a method of the type set forth in ins 
introduction, characterized in that a training sequence is used for signalling. 

30 The invention further relates to a digital radio system for signalilnji 

between a base station and a subscriber terminal, in which the sjcvnais; 
transmitted over the radio connection betvi/een the base station and :h« 
subscriber terminal comprise bursts consisting of syiTiDols, said bursts 
comprising a known training sequence, the system having at leasi 

35 transmitter and at least one receiver, of which the transmitter has means for 
inserting the training sequence in the signal to be transmitted, and of which In.- 
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receiver has means that may be employed for identifying the training 
sequence in the received signal, characterized in that the transmitter 
comprises means vt/hich, when used for data transmission, convert data to be 
presented as a predetermined training sequence, and the receiver composer 
5 means for converting the training sequence identified in the received signa. 
into the data that was intended to be transmitted to it. 

The method of the invention provides a plurality of advantages. A 
most significant advantage is obtained by the fact that the rate of the traffic 
channel wit! net decrease; its payload may thus be lised entirely for 

10 transferring the user data flow. Consequently, as regards the user, there rs no 
interference caused by the traffic channel being used for signalling. 

Another most useful characteristic stems from the reliability of the 
signalling. As the signalling information is coded into a training sequence, its 
error-free transfer from a base station to a subscriber terminal is most reliable 

15 as a result of the advanced methods used for identifying the training 
sequence. 

li is a further advantage of the solution that it is possible in the 
future to develop new services that employ low-rate transmission channels, 
and as signalling is not carried out on these channels, no disturbance will be 
20 generated, erther. 

DESCRIPTION OF THE DRAWINGS 

In the following, the invention will be described in greater detail witr 
reference to the examples in the accompanying drawings, in which 

Figure 1 illustrates a digital radio system in which the method 
25 acccrding to the invention may be applied, 

Figure 2 illustrates the structure of a normal burst in the GSM 
system, having a training sequence in the middle, 

Figure 3 illustrates an example of the essential parts in the structure 
of the inventive transmitter, and 
30 Figure 4 illustrates an example of the essential parts in the structure 

of the inventive receiver. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The method and receiver according to the invention may be applied 
in any digital radio system in which signals to be transmitted comprise bursts 
35 made up of symbols, the bursts comprising a known training sequence. Figure 
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1 Shows by way of example the essential parts of the structure of a typical 
cellular radio system. The system comprises a base station 10C, and a group 
of usually mobile subscriber terminals 102 - 106 that have a two-way 
connection 108 - 112 to the base station 100. The base station 100 torv,fsrds 
5 the connections of the terminals 102 - 106 to a base station controller 114, 
which fonwards them to other parts of the system and to the fixed network. Tr.e 
base station controller 1 14 controls the operation of one or more base stations 
100. 

In digital radio systems, it is possible to insert into signal bursts a 

10 predetemiined symbol sequence, a training sequence, by means of whicr; e g. 
the Impulse response may be calculated. Figure 2 illustrates by way cf 
example the nornial burst in the digital GSM cellular radio system. The normal 
burst in the GSM system comprises 148 symbols in all. The symbols comprisa 
bits or combinations of bits. The symbols of a burst are in blocks comprising 3 

15 start symbols 200. 58 Information symbols 202. 26 training symbols 204. 58 
information symbols 206, and 3 end symbols 208. Thus, the training sequence 
in the GSM normal burst is 26 symbols in length. 

In the i'oiiowing, the inventive method will be examined. It fiiay be 
used in a digital radio system for signalling between a base station 100 a:rJ 

20 subscriber terminal 102 - 106. in which the signals to be transmitted over ihe 
radio connection 108 - 112 between the base station and the subscriter 
terminal comprise bursts consisting of symbols, said bursts comprising a 
known training sequence 204. The basic invention of the method is that the 
training sequence 204 is used to represent the symbol indicating the 

25 information that is desired to be transmitted between the base station 100 and 
the subscriber terminal 102 - 106. If two different training sequences 204 h^;^ve 
been issued for the connection 108-112 between the base station 100 and 
the subscriber temiinal 102 - 106, the symbol indicative of the infomiation 
transmitted may have two different values, e.g. 0 and 1. if more than tivo 

30 different training sequences 204 are in use, the symbol indicative of Ihe 
infomnation to be transmitted may obtain as many different values as there are 
training sequences 204 in use. 

The following describes in closer detail the structure or the 
transmitter in the inventive radio system, the essential parts of such s 

35 transmitter being shown in the block diagram of Figure 3. The transmitter 
comprises means 310 that contain the information to be transmitted, in ihe 
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means 310, the information to be transnrsitted is coded according the method 
of the invention into a predetermined training sequence 204 which is applied to 
means 308 in which it is incorporated into the signal to be transmitted. Frcni 
thereon, the transmitter operates according to prior art. Next, the signal is 
5 applied to processing means 306 in which the signal is modulated. The 
modulated signal is applied to conversion means 304 in which the signal is 
converted from digital to analog fonn. Then, the signal is applied to radio 
frequency parts 302 in which the signal is converted to the transmit frequency. 
Finally, the signal is fed to an antenna 300 and transmitted on the radio pail i 
10 to the second pa^y of the connection 108 - 1 12. The above operations may be 
implemented by e.g. a general or signal processor, or by separate logic. 

Correspondingly, the essential parts of the structure of the receive^ 
used In the inventive radio system are illustrated in the block diagram of Figure 
4. The receiver comprises an antenna 400 for receiving the signal from the 
15 radio connection 108 - 1 12, to be applied to radio frequency parts 402 in which 
the signal is converted to an intermediate frequency. From the radio frequenC;^ 
parts, the signal is applied to converting means 404 in which the signal is 
converted from analog to digital form. The digital signal proceeds to 
processing means 406, in which the signal may be e.g. filtered, demodulated, 
20 the channel impulse response and the energy thereof may be estimated, and 
the signal distorted on the channel may be restored back to the original data 
stream. The signal is then applied to means 408, by means of which it te^ 
possible to identify the identified training sequence 204 in the signal. Thn 
identified training sequence 204 is applied to processing means 410, by 
25 means of which it is possible to decode from it, according to the method of the 
invention, the information that was transmitted thereto. Then, the means 410 
begin to execute those operations that were to be accomplished by the 
signalling in question. The above operations may be implemented by e.g. r 
general or signal processor, or by separate logic. 
30 An advantageous use for the invention presented above is to carry- 

out contro; of the subscriber terminal 102 - 106 transmitting power so that 
signalling is perfonned according to the method set forth. In such a case, two 
training sequences 204 have been provided for the connection 108 - 112 
betvveen the base station 100 and the subscriber terminal 102 - 106. One of 
35 the training sequences 204 is used by the base station 100 for commandina 
the subscriber termmai 102 - 106 to reduce its transmitting power, and thf.i 
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Other to increase it. The means 310 contain the necessary deduction logic for 
deciding which of the two training sequences 204 given has to be applied to 
means 308 in which the training sequence is incorporated into the signal to be 
transmitted. Similarly, as soon as the subscriber terminal 102 - 106 has 
5 received the signal, it is applied to means 408 in which it is possible to 
separate the Identified training sequence 204 ;n the signal. The means 410 
comprise the necessary deduction logic for knowing whether the identified 
training sequence 204 signifies a transmitting power increase command, or a 
reduce command. 

10 It should be pointed out that the preferred embodiment set forth 

above may also be implemented by using more than two different training 
sequencer, 204. each representing a control command of a specific [eves of 
transmitting power. For example, eight different training sequences 204 have 
been assigned to one connection 108 - 112, and it is consequently possible to 

15 transfer three bits of information in one burst: training sequence 1 corresponds 
to the bit combination 000. training sequence 2 corresponds to the bit 
combination 001. training sequence 3 con-espontis to the bit combination 010. 
training sequence 4 corresponds to the bit combination 01 1, training sequence 
5 corresponds to the bit combination 100. training sequence 6 corresponds to 

20 the bit combination 101. training sequence 7 corresponds to the bit 
combination 110, and training sequence 8 corresponds to the bit combination 
111. 

Another way of using more than tv^o different training sequences 
204 is to provide each training sequence 204 with a relative power control 
26 value instead of absolute transmitting power. For example, if four different 
training sequences 204 are used, training sequence 1 signifies "increase 
power by one unit", training sequence 2 "increase power by three uri;ts \ 
training sequence 3 "reduce power by one unit", and training sequence 4 
"reduce power by three units". 

principle, the GSM system has no reason why there could not be 
more than eight different training sequences 204; then, the inventive method 
could be used for transferring signalling information of more than three bits. 
This would, however, require a change in the specifications of the GSM 
system. 
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Another preferred embodiment for the invention is to carry out the 
transnnitting power control of the base station 100 by carrying out signailing 
according to the method set forth. 

Further, the other adjustable parameters of the base station 100 
5 and the subscriber temnina! 102 - 106 may be advantageously adjustable by 
using the method presented. 

An advantageous embodiment for the present invention is to use n 
in packet transfer for numbering bursts, packets or other data blocks. In packe 
transfer, a connection is set up between users by transmitting data as packets 

10 that contain in addition to the actual information also address and control 
information. A plurality of connections may use the same transfer connection 
at the same time, in recent years, research has been conducted to using 
packet-switched radio systems for data transfer in particular, because the 
packet switching method is well suited to e.g. data transfer required by use o ' 

15 inter-active computer programs, in which data to be transferred is produced a? 
bursts. Consequently, there is no need to allocate the data transfer connectior 
for the entire time, but only for the packet transfer. 

The control information also comprises numbering of the bursts 
The bursts have to be numbered so as to be able to detect if a burst has been 

20 lost entirely. The receiver is thus able to request the transmitter to send anev^* 
the burst provided with that number. Also, retransmission of a received bu- 
erroneous burst can be requested on the basis of its number. 

The numbering of bursts may be implemented in many ways. The 
number of training siequences employed also has an influence on the use. In 

25 the minimum, two training sequences are enough. In such a case, two 
successive bursts have a different training sequence. The loss of one burst 
can be detected because that leads to the receiver receiving two buTs[^ 
containing the same training sequence. The retransmission scheme may a!s:: 
be implemented. According to the number of the training sequences beino 

30 used, the numbering may be developed: the bursts may be numbered by 
using e.g. 2-16 different training sequences. This signifies that 2-15 
successive bursts each cotitains a different training sequence. It is the easier 
to implement the retransmission scheme and the possible interleaving r::n :^ 
coding of the packets the more numbers are in use. 

35 A packet may be divided into several bursts. To take an example, r; 

is assumed that a packet has been divided into four bursts. There are in such 
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a case two main methods to carry out the numbering. According to the first of 
them, each burst has a dedicated training sequence, e.g. TS1-TS2-TS3-TS4 
The receiving party may request any of the bursts to be retransmitteo 
separately. Different variations may be developed from this. Tvi^o training 
5 sequences may be in use, whereby the numbering in the packet is carried out 
as TS1-TS2-TS1-TS2. Thus, the same training sequences are repeated in 
successive packets, and so the retransmission scheme cannot be extended to 
the previous received packet, unless more training sequences are in use. If, 
e.g., eight different training sequences are used, the numbering of four 

10 successive packets may be as follows: TS1-TS2-TS3-TS4, TS5-TS6-TS7- 
TS8. TS1-TS2-TS3-TS4, TS5-TS6-TS7-TS8. 

Another way is to have a dedicated training sequence for each 
packet. It is again assumed that each packet has been divided into four bursts, 
in such a case, four successive packets may be numbered as follows- TS1- 

15 TS1-TS1-TS1. TS2-TS2-TS2-TS2. TS3-TS3-TS3-TS3. TS4-TS4.TS4-TS4. if 
four different training sequences are used. A retransmit request in such a case 
concerns an entire packet. 

Although the invention is in the above described with reference rc 
the examples in the accompanying drawings. It is obvious that the invention is 

20 not restricted thereto but it may be modified in many ways within the inventive 
idea of the attached claims. 
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CLAIMS 

1. A method in a digital radio system for signalling between a base 
station (100) and a subscriber terminal (102 - 106), in which the signals 
5 transmitted over the radio connection (108 - 112) betv/een the base static-. 
(100) and the subscriber terminal (102 - 106) comprise bursts consisting of 
symbols, said bursts comprising a known training sequence 
c h a r a c 'i e r i 2 e d by a training sequence (204) being used for the 
signalling. 

10 2. A method as claimed in claim 1, characterized in that 

each individual, different training sequence (204) is used to represent r- 
predetermined symbol to be transferred. 

3. A method as claimed in claim 1, characterized in thac 
each individual, different training sequence (204) is used to represent a 

1 5 predetermined group of different symbols to be transferred. 

4. A method as claimed in claim 1, characterized in that the 
method is used in association with a single connection (108 - 112) for 
controlling the transmitting pov/er of the subscriber temiinal (102 - 106). 

5. A method as claimed in claim 4, characterized in th^ : 
20 each connection (108 - 112) is provided with two different training sequences 

(204), the first of which is used by the base station (100) for commanding the 
subscriber terminal (102 • 106) to reduce its transmitting power and the 
second to increase it. 

6. A method as claimed in claim 4, c h a r a c t e r i z e d by 
25 providing each connection (108 - 112) with more than two different training 

sequences (204), each training sequence (204) being used by the base station 
(100) for commanding the subscriber temninal (102 - 106) to set its transmitting 
power on a level defined by the information in the training sequence. 

7. A method as claimed in claim 4, characterized in that 
30 each connection (108 - 112) is provided with more than two different traininc 

sequences (204)» 

part of the training sequences (204) being employed by the base- 
station (100) for commanding the subscriber temninal (102 -106) to reduce its 
transmitting power so that each of the training sequences (204) has a different 
35 effect for reducing the transmitting power by a predetermined number of units, 
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and part of ths training sequences (204) being employed by the 
base station (100) for commanding the subscriber terminal (102 -106) to 
increase its transmitting power so that each of the training sequences (204) 
has a different effect of increasing the transmitting power by a predetermined 
5 number of units. 

8. A method as ciaimed in claim 1, characterixedin that the 
method is used in association with a single connection (108 - 112) for 
controlling the transmitting power of the base station (100). 

9. A method as claimed in ciaim 8, c h a r a c t e r • z e d in that 
10 each connection (108 - 112) is provided with tv.'o different training sequences 

(204), the first of which is used by the subscriber termina! (102 - 106) for 
commanding the base station (100) to reduce its transmitting power and tiie 
second to increase it. 

10. A method as claimed in claim 8, characterized in that 
16 each connection (108 - 112) is provided with more than Wm different training 

sequences (204), each of which being used by the subscriber terminal (102 - 
106) for commanding the base station (100) to set its transmiHing power to a 
level defined by the Information in the training sequence (204). 

1 1 . A method as ciaimed in claim 8, characterized in that 
20 each connection (108 - 112) is provided with more than two different trainir^g 

sequences (204), 

part of the training sequences (204) being employed by \he 
subscriber terminal (102 - 106) for commanding the base; station (100) lo 
reduce its transmitting power so that each of the training sequences (204) has 
25 a different effect of reducing the transmitting power by a predetermined 
number of units. 

and part of the training sequences (204) being employed by the 
subscriber terminal 102 - 106) for commanding the base station (100) to 
increase its transmitting power so ttiat each of the training sequences (204) 
30 has a different effect of increasing the transmitting power by a predetermined 
number of units. 

12. A method as claimed in claim 1, characterized in that 
the method is used in packet transfer for numbering bursts, packets or other 
data blocks. 

35 13. A method as claimed in claim 12, characterized in that 

two successive bursts have a different training sequence (2C4). 
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14. A method as claimed in claim 12, characterized in thsl 
the packet consists of bursts, and the bursts of the packet each have the same 
training sequence (204). and two successive packets have a different traininsi 
sequence (204). 

5 15. A digital radio system for signailing between a base station 

(100) and a subscriber terminal (102 - 106), in which the signals transmitter 
over the radio connection (108 - 112) between the base station (100) and the 
subscriber temninal (102 - 106) comprise bursts consisting of symbols, said 
bursts comprising a known training sequence (204), the system having at least 

10 one transmitter and at least one receiver, of which the transmitter has means 
(308) for inserting the training sequence (204) in the signal to be transmitted, 
and of which the receiver has means (408) that may be employed fcr 
identifying the training sequence (204) in the received signal 
characterized in that 

15 the transmitter comprises means (310) which, when used for data 

transmission, convert data to be presented as a predetermined training 
sequence (204), 

and the receiver comprises means (410) for converting the training 
sequence (204) identified in the received signal into the information that was 
20 intended to be transmitted to it. 

15. A system as claimed in claim 15, characterized! in that 
the transmitter of the base station (100) comprises means (310; 

which, when used for transferring a power control command relating to c. 
single connection (108 - 112) of the subscriber terminal (102 - 106) to the 
25 subscriber terminal (102 - 106), convert the information to be presented as fi 
predetermined training sequence (204). 

and the receiver of the subscriber terminal (102 -106) comprises 
means (410) used for converting the training sequence (204) identified in the 
received signal to the transmitting power control command that the base 
30 station (100) wanted to transmit to the subscriber terminal (102 - 106). 

17. A system as claimed in claim 15, characterized in that 
the transmitter of the subscriber terminal (102 -106) comprise? 
means (310) which, when used for transferring a power control commam: 
relating to a single connection (108 - 112) of the base station (100) to the base 
35 station (100), convert the information to be presented as a predeterminec 
training sequence (204), 
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and the receiver of the base station (100) comprise means (410) 
used for converting the training sequence (204) identified in the received 
signal to the transmitting power control command that the subscriber terminal 
(102 - 106) wanted to transmit to the base station (100). 
5 18. A system as claimed in claim 15, characterized in that 

the transmitter comprises means (310) used in packet transfer for converting 
the numbering infomnation of bursts, packets or other data blocks to be 
presented as a predetermined training sequence (204), 

and the receiver comprises means (410) used for converting the 
10 training sequence identified in the received signal to numbering information of 
bursts, packets or other data blocks. 

19. A system as claimed in claim 18. characterized in that 
the transmitter has means (310) for providing two successive bursts with 
different training sequences (204). 
16 20. A system as claimed in claim 18, characterized in that 

the packet consists of bursts, and the transmitter has means (310) for 
providing the bursts of the packet each with the same training sequence (204), 
and for providing two successive packets witi a different training sequence 
(204). 
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